
that samples need to be heated enough to produce 
MDA, and 60 minutes is appropriate heating time 
for experiments. Regardless of heating time, the one 
treated by both of ozone gas and ultrasound showed 
the biggest absorbance at 532 nm during almost 
every heated time. 

 
Fig 5. Absorbance at 532 nm by treatment time 
 
During first 45 minutes, the absorbance of the 
solution that is treated with both ozone and 
ultrasound was higher than the absorbance of those 
that are treated only with either ozone or ultrasound. 
However, the ozone treated one showed sharp 
increase and finally after 3 hours, the both treated 
solution showed the lowest absorbance.  

Fig 6. Absorbance at 452 nm 
 

When the ultrasound was solely treated or applied to 
H2O2, the peak appears at 452 nm. TBA reaction of 
saturated aldehydes produced a yellow pigment with 
an absorption maximum at 452nm. This indicates 
that degraded 2-deoxyribose and TBA reacted and 
produced the pigment by OH radical. 

 

Conclusions 
Applying ultrasonic wave to 2-deoxyribose 
oxidizing process using ozone shows lower 
efficiency than the other processes. This indicates 
that exerting ultrasound in the process can be more 
contrary effect on efficiency than synergetic effect.  
However, applying ultrasonic wave to 2-
deoxyriobse oxidizing process using H2O2 showed 
tendency to absorb more light at 452 nm than the 
process ultrasound solely treated. After 3 hours of 
the treatment, H2O2 process which ultrasound was 
applied, showed 15 times higher absorbance than 
the one that ultrasound was solely applied, which 
indicates more production of hydroxyl radical. The 
cause of this result can be inferred from a certain 
fact that the ozone has significantly low solubility, 
and the H2O2 was already an aqueous solution when 
it was treated. To prevent the outflow of the ozone 
gas, precisely enclosed reactor should be helpful.  
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1. Introduction 

Thermoacoustic1) systems are expected to be 
an effective technique for the utilization of thermal 
exhaust energy. However, these systems need high 
temperatures of 300-500°C to drive. In order to 
expand the fields of application and reuse the 
low-temperature exhaust heat below 200°C, many 
studies have been conducted on decreasing the 
onset temperature.2-9) The proposed method for 
decreasing the onset temperature includes a 
thermoacoustic system with a multi-stage prime 
mover having an expanded diameter2,6-9), as well as 
the installing multiple regenerators in the system.3,4) 

By using these methods, we developed a 
loop-tube-type thermoacoustic system with 
diameter-expanded two-stage prime movers. We 
succeeded in driving the system at approximately 
67°C.6) In the above study, a heat pump had been 
removed. For the next step, we developed a 
prototype thermoacoustic cooling system which 
could be driven at approximately 80°C and the 
cooling point temperature was decreased by 5.8 K 
from 20°C.8) In these studies, the length of the 
expanded part is not optimized. For practical use, 
the influence of the expanded part at the onset 
temperature must be investigated. 

In the present study, we focused on expanded 
part length. As a beginning, we confirmed the 
influence of the expanded part length on the onset 
temperature in the straight-tube-type system 
likewise loop-tube-type system and experimentally 
investigated the onset temperature by changing 
expanded part length. 
 
2. Experimental system and methods 

Figure 1 shows a schematic of the 
experimental system. The straight-tube-type 
thermoacoustic system with a diameter-expanded 
prime mover is comprised of stainless steel tubes 
filled with atmospheric pressure air. The total length 

of the system was 2 m. Both tube ends were sealed. 
The inner diameters of tubes were 42.6 mm and 
24.2 mm. The expanded part lengths were 0.35 m, 
0.40 m and 0.45 m, respectively. The stack 
consisted of ceramic honeycombs, which had a 
length of 50 mm and a channel density of 600 
channels/in2. The installation position of the stack 
was x = 0.6 m. In experiments at each expanded 
part length, a channel density of the stack and 
installation position of the stack was the same. 
Water at 20°C was circulated through the heat 
exchanger to maintain this temperature on the 
constant temperature side of the stack. An electric 
heater was used as the heat source. 

The sound pressure was measured by four 
pressure sensors (PCB Piezotronics, 112A21). We 
confirmed spontaneous thermoacoustic oscillation 
by using these pressure sensors and a FFT analyzer. 
The temperature of the heating point was measured 
by K-type thermocouple. An electric heater was 
connected to a temperature regulator and the input 
power was controlled. 

The experimental procedure was as follows. 

Electric
heater

Thermocouple

Data logger

FFT analyzer

Stack
Heat exchanger

Pressure sensor

Expanded part length
(0.35 m, 0.40 m, 0.45 m)

Temperature regulator

x = 0 x = 2 m

24.2 mm42.6 mm

 
Fig. 1 Experimental system. 
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First, the stack was heated using an electric heater 
to generate spontaneous thermoacoustic oscillation. 
Second, we confirmed spontaneous thermoacoustic 
oscillation by using four pressure sensors and a FFT 
analyzer. Third, by changing the input power to an 
electric heater using a temperature regulator, the 
temperature of the heated end of the stack was 
constantly maintained. Then, the temperature of the 
heated end of the stack was gradually decreased 
using a temperature regulator until the spontaneous 
thermoacoustic oscillation disappeared. After 
confirmation of disappearance, we waited for 10 
minutes and confirmed that it could not resume 
oscillating. The temperature at which spontaneous 
thermoacoustic oscillation just before disappeared 
was defined as the onset temperature.  

 
3. Experimental results and Discussion 

Figure 2 shows the onset temperature 
obtained by the experiment at each expanded part 
length. The onset temperatures were 203°C, 214°C, 
and 227°C for expanded part lengths of 0.35 m, 
0.40 m, and 0.45 m, respectively. The lowest onset 
temperature was 203°C for expanded part length of 
0.35 m. As the expanded part length becomes 
longer, the onset temperature increases by about 
10°C.  

Figure 3 shows the frequency of the 
spontaneous thermoacoustic oscillation obtained by 
the experiment at each expanded part length. The 
frequencies were 83.3 Hz, 82.4 Hz, and 81.3 Hz for 
expanded part lengths of 0.35 m, 0.40 m, and 0.45 
m, respectively. As the expanded part length 
becomes longer, the frequency decreases by about 1 
Hz. A change of frequency arising from the 
difference in the expanded part length could be 
considered one of causes of the difference in onset 
temperature.  

These results show that the onset temperature 
changed about by 10°C, while the frequency of 
spontaneous thermoacoustic oscillation hardly 
changed. With the exception of the change of 
frequency, there are the factors that contribute to the 
onset temperature. 

 
4. Conclusion 

We experimentally investigated the influence 
of expanded part length on the onset temperature. 
The results show that the onset temperature 
changed by about 10°C as the expanded part length 
changed, whereas the frequency of spontaneous 
thermoacoustic oscillation hardly changed. We 
confirmed that, with the exception of the change of 
frequency, there are the factors that contributed to 
the onset temperature. 
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